The present manuscript begins with a review of the literature on two-tone nonlinearity and proceeds to the description of an ad hoc model of auditory nonlinearity which can account for several of the features of the psychophysieal data on various two-tone nonlinearities, in particular, (f2 -f0, (2f• -f0, and twotone suppression. The two basic components of the model are (1) a nonlinearity which is a series combination of the classical power-series and compressire p-law nonlinearities and (2) an intensitydependent (nonlinear) filtering scheme. The conceptual model proposed here not only describes the psychophysieal data accurately, but also offers possible explanations for some of the apparent discrepancies between psyehophysical and physiological data on two-tone nonlinearities. 
INTRODUCTION
Auditory nonlinearities have been of interest to hearing researchers for well over a century (e.g., Helmholtz,1954). It has only been in the past few decades, however, that amplitude-distortion processes operating within the hearing mechanism have become a focal point of physiological and psychoacoustic research in and of themselves (e.g., Goldstein and Kiang, 1968; Dallos, 1973; Pfeiffer and Kim, 1973; Green, 1976; Plomp, 1976) . A variety of models of aural nonlinearity, both physiological and psychophysical, have emerged from this extensive pool of data. None of the physiological models that have been derived, however, provides an adequate description of amplitude distortion (e.g., Goldstein, 1967b; Smoorenburg, 1974; Sachs, 1975 ).
The present manuscript describes an ad hoc psychophysical model of auditory nonlinearity that, unlike earlier models, can account for the salient features of several two-tone amplitude-distortion processes. The distortion phenomena focused on here are the simple difference tone [(f2-f•),f2>fx], the cubic difference tone [(2f• -f2)], and two-tone suppression forf2>f•. These three nonlinearities are probably the most prominent perceptually and have been investigated-most thoroughly, both psychophysically and physiologically.
The manuscript proceeds as follows. First, in the section to follow, salient features of various classes of nonlinearity are reviewed. Next, a composite nonlinearity is described. Finally, the nonlinearity is then incorporated into an appropriate filtering scheme to make the model more complete. Although the model to be described is developed from psychophysical data, comparisons to physiological data are made where appropriate. 
where y is the output of the system, x is the input to the system, and a n are constants. The power-series nonlinearity provided in Eq. (1) is generally considered to be linear at low input levels but becomes increasingly nonlinear as input level increases. Another key feature of this type of nonlinearity is that it is memoryless.
That is, the output of the system at some time t is determined solely by the value of the input at this time [i.e.,x(t)].
Equation ( Table I were then derived using these amplitude valuesJ Goldstein (1967b) 
where xp is the peak amplitude of the input signal x. For an input comprised of two sinusoids with amplitudes of A'x and A2, xp assumes a value of Ax+A=. 
Whereas the amplitude of (2f • - nism incorporates a normalizing factor equai to the peak amplitude of the input signai, some time must be required for the system to accomplish this normalization (Smoorenburg, 1974) . Consequently, the response of the system may no longer be instantaneous as was the case for the classical power series. Smoorenburg (1974) observed, however, that L(2f• -f2) (as determined with a forward-masking pz. radigm) was not affected by the duration of the primaries for durations as short as 24 msec. Although this finding may be interpreted as support for the existence of a memoryless nonlinearfry, it is also possible that the time needed for normalization in Goldstein's system is simply less than 24 msec (Smoorenburg, 1972b (Smoorenburg, , 1974 . Support for the latter possibility has been provided by Crane (1972) vice also exerts an effect on the probe tone used to measure the level of the various distortion products (Smoorenburg, 1974; Duifhuis, 1976 Duifhuis, , 1977 (Smoorenburg, 1972 (Smoorenburg, , 1974 Duifhuis, 1976) . The latter values are seen to be identical to those predicted by the normalized power-series nonlineariky (Table II) .
Having reviewed the three major classes of nonlinearity that have been developed from psychophysical data during the past decade, a question to be asked is whether avaihble data argue in favor of one class of nonlinearity to the exclusion of the others. To assist in answering this question, data for L(2f• -f2) have been summarized in Table IV ansim underlying the first filter is the basilar membrane into which the classical power-series nonlinearity is incorporated, possibly in the mechanics of basilar membrane motion (e.g., Schroeder, 1973 Schroeder, ,1975 Hall, 1974) . Nonlinearity has been observed directly in the basilar membrane or relegated to this structure through indirect means in a variety of laboratory animals, including squirrel monkey (Rhode, 1971 (Rhode, , 1978 , rat (Mffiler, 1978) , and cat (Smoorenburg and Linschoten, 1977) , although no such noalinearity has been observed in the guinea pig to date (Wilson.and Johnstone, 1975; Rhode, 1978) . The second filter is hypothesized here to be the directional sensitivity of the hair-cell cilia, into which the half-wave rectified p-law nonlinearity is incorporated (Duifhuis, 1976 (Duifhuis, , 1977 ? Thus, the sharpening of the filter functions in Fig. 7 at low intensities may be attributable to both basilar membrane nonlinearity (e.g., Rhode, 1978) Finally, it is suggested that the second filter and associated nonlinearity are physiologically vulnerable (Evans, 1972 (Evans, ,1975a (Evans, , 1975b Siegel, 1978 In addition to a broadened frequency region (.fro//,) over which the p-law nonlinearity predominates at low frequencies, some recent psychophysical data suggest that the intensity range over which p decreases extends to high intensities for low frequencies (Humes, 1980a) . These data are summarized by way of Fig. 8 aShannon (1976) suggests that his unmasking data can be converted to suppression data by utilizing the following relation: 1 dB of ,,-,masking corresponds to 3 dB of suppression. This assumes that suppression in au -urnasking paradigm may be interpreted as a simple reduction in masker level, which would appear to hold for the paradigm used by Shannon (Weber and Green, 1979) .
CAlfhough the data on peripheral filtering to be reviewed here have all been obtained with nonsimultaneous techniques, it should be noted that q•litatiwlv similar findings had been obtained by many other investigators using simultaneous paradigms.
